J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



iiliiiliiiiliiiiiiiiiiiiiiii 

® Publication number: 0 172 565 B1 



© EUROPEAN PATENT SPECIFICATION 

@ Date of publication of patent specification: 13.03.91 © Int. CI.S: B01 J 23/50, B01J 23/66, 

B01J 23/68, B01J 37/10, 
@ Application number: 85110458.8 C07D 301/10 

@ Date of filing: 20.08.85 

A request pursuant to Rule 88 ERG for correction 
of the claims was filed on 10.09.85. 

The file contains technical Information submitted 
after the application was filed and not included in 
this specification 



(g) Siiver catalyst for production of ethylene oxide from ethylene, and process for production thereof. 



CQ 

LA 
CO 

in 

CM 



® Priority: 21.08.84 JP 173884/84 
14.09.84 JP 191732/84 
25.10.84 JP 224877/84 

@ Date of publication of application: 
26.02.86 Bulletin 86/09 

(45) Publication of the grant of the patent: 
13.03.91 Bulletin 91/11 

® Designated Contracting States: 
BE DE GB NL 



(56) References cited: 
EP-A- 0 059 422 
DE-A- 2 159 346 
DE-A- 2 733 688 
GB-A- 1 413 251 
GB-A- 2 002 252 



EP-A- 0 099 975 
DE-A- 2 454 972 
DE-B- 2 640 540 
GB-A- 1 441 470 
GB-A- 2 043 481 



© Proprietor: MITSUBISHI PETROCHEMICAL CO., 
LTD. 

5-2, 2-chome, Marunouchi 
Chiyoda-ku Tolcyo lOO(JP) 

© Inventor: Nojiri, Naohiro c/o Chuo Kenkyujo of 
Mitsubishi 

Petrochem. Co., Ltd. 1315, Oaza Wakaguri 
Ami-machi 

Inashiki-gun Ibaraki-ken(JP) 

Inventor: Sakai, Yukio c/o Chuo Kenkyujo of 

Mitsubishi 

Petrochem. Co., Ltd. 1315, Oaza Wakaguri 
AmI-machi 

Inashiki-gun Ibarakl-ken(JP) 



0 Representative: Kraus, Walter, Dr. et a1 
Patentanwaite Kraus, Weisert & Partner 
Thomas-Wimmer-Ring 15 
W-8000 MUnchen 22(DE) 



O Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
^ may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
2j shall be filed In a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 



EP 0 172 565 B1 



Description 

BACKGROUND OF THE INVENTION 

5 

1 . Fiefd of the Invention 

This invention relates to a novel silver catalyst for producing ethylene oxide by the oxidation of ethylene 
with molecular oxygen, and a process for producing the catalyst. 

10 

2. Description of the Prior Art 

A method known for preparing a silver catalyst for use in the oxidation of ethylene with molecular 

15 oxygen comprises impregnating a porous refractory carrier with an aqueous solution of a silver salt 
complexed with an amine (encompassing ammonia) and heating the impregnated carrier with air or the like 
to deposit silver on the carrier. By using amines, the silver salt decomposed and reduced at low 
temperatures is converted into an amine complex, and thus can be formed Into a uniform aqueous solution. 
Hence, fine and uniform silver grains can be deposited on a porous carrier composed of a molded article of 

20 a refractory material to give a catalyst of excellent performance. 

According to the description of Japanese Patent Publication No. 22146/1980, to deposit silver from a 
silver salt-containing aqueous solution and make a catalyst, heating at 100 to 375 °C for 2 to 8 hours is 
required, and air is used as a heating medium. Investigations of the present inventors have shown that the 
above method of heating results in a non-uniform distribution in the amount of deposited silver within a 

25 catalyst particle, and when the heating temperature and time described in the Examples of the above-cited 
Japanese Patent Publication are employed, the silver grains agglomerate and grow. For example, it has 
been ascertained that in a catalyst having 13% by weight of Ag deposited on a carrier having a surface area 
of 0.4 m^ /g which is prepared by calcination in air at 270 ^'C for 2 hours, many of the deposited silver 
grains have a particle diameter of at least 0.4 mm, and thus, the silver grains are large and are distributed 

30 non-uniformly in each catalyst particle. For this reason, such a catalyst cannot exhibit a sufficient catalytic 
performance. 



SUMMARY OF THE INVENTION 

35 

It is an object of this invention to provide a novel catalyst for the production of ethylene oxide from 
ethylene, in which silver grains deposited on a carrier are fine and uniform to give higher catalytic 
activity.and the amount of the silver grains deposited is very uniform from the surface layer to the inner 
layer of each catalyst particle, and the speed of agglomeration of the silver particles that occurs as the 
40 reaction proceeds is slow to give a long catalyst life, and a process for producing the novel catalyst. 

According to this invention, there is provided a catalyst for the production of ethylene oxide from 
ethylene, said catalyst comprising a porous carrier composed of a molded article of a refractory material 
and at least silver grains deposited on the carrier, wherein 

(A) silver is distributed on the outside surface of the carrier and on the Inner surfaces of the pores of 
45 the carrier, 

(B) silver grains distributed on the inner surfaces of the pores of the carrier have an average diameter of 
0.05 to 0.2mm, and 

(C) the loading (S) of silver on the inner surfaces of the pores in the outside surface layer of the carrier 
hereinafter defined as the outside surface layer of the catalyst) and the loading (1) of silver on the inner 

50 surfaces of the pores in the Innermost layer of the carrier (hereinafter defined as the innermost layer of the 
catalyst satisfy the following expression (1) 

I :^ 0.7S (1) 

55 

(D) the loading (Sc) of the alkali metal element as the cationic component on the outside surface layer 
of the catalyst and loading (Ic) of the alkali metal element as the cationic component on the innermost layer 
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of the catalyst satisfy the following formula (2-1) or (2-2): 

Ic > 0.4SC (2-1) 



in the case where the alkali metal Is sodium or lithium, 



Ic > 0-6SC (2-2) 



in the case where the alkali metal is potassium, rubidium or cesium, 

(E) in which the said outside surface layer of the catalyst denotes a portion having a weight of about 
5% by weight on the average. In the range of about 4 to 6%, shaven as uniformly as possible from the 
outside surface of one catalyst particle toward its inner layer when the weight of one catalyst particle is 
taken as 100%, and said innermost layer of the catalyst denotes an Inner layer of the catalyst particle which 
is left after about 60% on the average, in the range of about 50 to 70%. has been shaven off from the 
outside surface of the catalyst particle toward its inner layer as uniformly as possible, and the contents by 
(weight) of silver and the alkali metal element per unit weight of the catalyst of the outside layer and the 
innermost layer of the catalyst are measured respectively to calculate (derive) the loading (S) and (I) of 
silver, and the loading (Sc) and (Ic) of the alkali metal element. 

The invention also provides a process for producing a catalyst as defined above for the production of 
ethylene oxide from ethylene, which comprises 

(1) impregnating a porous carrier composed of a molded article of a refractory material with an aqueous 
solution containing an aqueous medium, a silver salt and an amine as a complex-forming agent, 

(2) contacting the impregnated carrier with super-heated steam, while the ratio of removal of the 
aqueous medium in the aqueous solution is 0 to 70% by weight, in order to decompose the silver salt to 
deposit silver on the carrier, and 

(3) impregnating the carrier at least with an aqueous solution of a compound of at least one alkali metal 
element selected from the group consisting of lithium, sodium, potassium, rubidium and cesium as a 
cationic component simultaneously with the impregnation of the silver salt in step (1) above or with the 
deposition of silver in step (2) in or on the porous carrier, or before or after either step (1) or (2). and 
depositing the cationic component by contacting the impregnated carrier with superheated steam. 

The process of this Invention has the advantage that the catalyst having the above characteristic 
features and being free from the defects of the prior art can be produced particularly at low temperatures 
within short periods of time. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

Figure 1 shows temperature elevation patterns of the catalyst of this invention (Example 1) and a control 
catalyst obtained by heating in air (Comparative Example 1); Figures 2-A to 2-D are scanning electron 
micrographs (magnification 10,000X). Figure 2-A showing the porous surface of the interior of a catalyst 
particle in the catalyst of this invention (Example 1), Figures 2-B and C-2 respectively showing the outside 
surface layer and the surface of the pores inside of a catalyst particle in the control catalyst (Comparative 
Example 1), and Figure 2-D showing the porous surface of the inside of a catalyst particle in a control 
catalyst (Comparative Example 2); and Figure 3 shows the distribution of silver in a catalyst particle in the 
catalyst of this invention (Example 1) and the control catalyst (Comparative Example 1). 

DETAILED DESCRIPTION OF THE INVENTION 

The catalyst of this invention for the production of ethylene oxide from ethylene, which has the 
aforesaid characteristics and advantages, is produced by impregnating an aqueous solution containing a 
silver salt and an amine as a complex forming agent in a porous carrier composed of a molded article of a 
refractory material, and heating the carrier with superheated steam to deposit silver on the carrier. 
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In the process of this invention, silver is deposited on the carrier by bringing the porous carrier 
impregnated with the aqueous solution containing a silver salt and an amine as a complex forming agent 
into contact with superheated steam, preferably at a temperature of at least 120" C, while it contains at least 
a part of the aqueous solution. Particularly, silver is deposited on the carrier by contacting the porous 

5 carrier impregnated with the aqueous solution containing a silver salt and an amine as a complex forming 
agent, with superheated steam, generally at 120 to 500 ' C, more preferably 120 to 300" C, above all 150 to 
260 " C , while the ratio of removal of the aqueous medium in the aqueous solution is 0 to 70% by weight, 
preferably 0 to 50% by weight. 

The silver salt that can be used in the process of this invention may be any silver salt which when 

10 formed into a complex soluble in an aqueous medium with the amine (including ammonia) decomposes at a 
temperature of not more than 500 " C, preferably not more than 300° C, especially preferably not more than 
260 C, to deposit silver. Examples of such a silver salt are silver oxide, silver nitrate, silver carbonate and 
silver carboxylates such as silver oxalate and silver acetate. The silver carboxylates are preferred. 

The amine as the complex forming agent may be any amine which acts as a ligand for maintaining 

15 silver in solution. Examples include pyridine, acetonitrile, ammonia and primary or secondary amines having 
1 to 6 carbon atoms. Examples of preferred amines are ammonia, monoamines such as pyridine and 
butylamine, alkanolamines such as ethanolamine, alkylene diamines having 2 to 4 carbon atoms, and 
polyamines. Diamines having 2 to 4 carbon atoms are especially preferred, and ethylenediamlne and 1,3- 
propanediamlne are suitable. A combination of ethylenediamlne and 1 ,3-propanediamine is most preferred. 

20 The combined use of the amine with another amine or another compound, for example, a tiny amount of 
dimethylformamide is also effective. The silver salt and the amine are formed into a uniform solution, 
preferably a uniform aqueous solution, water-miscible organic solvents such as alcohol, or a mixture thereof 
with water may also be used to prepare the solution. The resulting solution is impregnated into the porous 
refractory carrier. 

25 Examples of the porous refractory carrier are alpha-alumina, silicon carbide, titania, zirconia and 
magnesia. An alpha-alumina carrier having a surface area of 0.01 to 2 m^/g, preferably 0.2 to 1.2 m^/g, 
particularly 0.2 to 0.7 m^/g, a pore volume of 0.2 to 0.5 ml/g and an average pore diameter of 0.1 to 20 mm 
is preferred. The porous refractory carrier is in the form of a molded article of the refractory material having 
a size of about 4 to 15 mm which is, for example, spherical, ring-like, or cylindrical. 

30 The impregnating operation is carried out by methods known to those skilled in the art. As required, 
such operations as pressure reduction, heating, and rotation spraying, and devices therefor are used. The 
concentration of silver and the amount of the amine in the impregnating solution are adjusted so that the 
amount of silver deposited becomes 5 to 20% by weight based on the finished catalyst The amine is 
added in an amount sufficient to complex the silver salt (usually, two amino groups correspond to one mole 

35 of silver). Usually, the amine is added in an amount 10 to 30% above the equivalent amount. 

In the process of this invention, the porous carrier composed of the molded article of the refractory 
material is impregnated with the aqueous solution containing the silver salt and the amine as a complex 
forming agent, and then heated over superheated steam, preferably at a temperature of at least 120"C to 
substantially complete the deposition of silver on the carrier. 

40 The process of this invention is therefore clearly different from the process for producing a catalyst for 
the production of ethylene oxide disclosed in Japanese Laid-Open Patent Publication No. 1191/1978, which 
comprises impregnating a carrier with an aqueous solution of a thermally decomposable silver complex 
compound, a sodium compound and a heavy alkali metal compound, treating the carrier with steam, 
especially saturated steam, until the silver compound begins to decompose with care taken not to cause 

45 loss of water from the impregnated carrier, and then heating the carrier in a gas such as CO2, N2 or air at a 
temperature of 150 to 300" C until the carrier attains a constant weight. 

In the present Invention, the deposition of silver from an impregnating aqueous solution of silver oxalate 
complexed with 1,3-propanediamine takes place at a temperature in the vicinity of 120° C. If only the amount 
of heat required to complete the silver deposition reaction is supplied from superheated steam, the catalyst 

50 can be prepared by heating with superheated steam at that temperature. 

Agglomeration of silver deposited on the carrier occurs vigorously particularly when the heating is done 
in air at a high temperature of more than 200 "C. The heating of the impregnated carrier in superheated 
steam in the present invention offers the advantage that the agglomeration of the deposited silver grains Is 
very effectively inhibited. 

55 However, In superheated steam, too. the silver grains tend to be agglomerated to a greater extent as 
the temperature of the superheated steam becomes higher beyond 260 "C or the heating time becomes 
longer. It is preferred therefore to control the conditions so as to avoid agglomeration. 

Advantageously, the amount of silver deposited is 5 to 20% by weight, preferably 8 to 15% by weight. 
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based on the entire catalyst. 

It has been found in accordance with this invention that the diameter (the shorter dianneter when the 
grains are not spherical) of typical silver grains deposited on the carrier depends mainly upon the ratio of 
Ag deposited and the surface area of the carrier. It can be said that when in the present invention, the ratio 

5 of Ag deposited is in a preferred range of 8 to 15% and the surface area of the carrier is in a range of 0.2 
to 0.6 m^/g, the diameter, d (mm), of the silver grains is nearly proportional to [the amount of Ag 
deposited]°'2 multiplied by [the surface area of the carrier]*'' 2. 

Japanese Patent Publication No. 33565/1978 discloses a process for producing a catalyst which 
comprises (a) impregnating a thermally decomposable silver salt In an inert particulate support, (b) drying it 

70 at a temperature not exceeding 160**C, (c) passing superheated steam so that its temperature reaches a 
selected point within a range of 270 to 350* C, (d) substituting air for the steam at the aforesaid temperature 
over at least 1 hour, and (e) passing heated air for at least 30 minutes at the same temperature. This 
process requires a very complex and time-consuming heat-treatment during the catalyst preparation, and 
only after this heat-treatment, a good catalyst can be obtained. 

15 The above-cited Japanese patent document does not describe the use of a silver salt complexed with 
an amine as the thermally decomposable silver salt. Accordingly, from the standpoint of using the amine 
complex in the present invention, the process described in the Japanese patent document employs the 
undesirable high temperature, long time heat-treatment. For example, while the heat-treatment in accor- 
dance with this invention is carried out at a temperature in the range of 150 to 260° C for a period of as 

20 short as about 15 minutes, the process described in the Japanese patent document requires the 
superheated steam treatment at 270 to 350 ' C, preferably 290 to 320* C, and the heated air treatment for at 
least 1.5 hours. If the amine complex of the silver salt used in this invention is subjected to this treatment, 
the deposited silver grains are remarkably agglomerated and distributed non-unlformly within the catalyst 
particle. Presumably, the agglomeration is due mainly to the high-temperature air treatment, and the non- 
25 uniform distribution is due mainly to the large temperature difference between the temperature (about 
100* C) of the impregnated carrier and the temperature of the superheated steam at the time of evaporation 
of water (because of this temperature difference, evaporation of water occurs too vigorously). In addition, in 
the process of the Japanese patent document, the operation of drying the impregnated carrier in the dry 
state for a sufficient long period of time (1 to 10 hours) is essential prior to the heat-treatment with 

30 superheated steam. This method of treatment is quite different from the heating of the impregnated carrier 
in the present invention with superheated steam while the impregnated carrier still contains water. 

In the process of this invention, at least one element as a cationic component (D) selected from the 
group consisting of (D-1) lithium, sodium, potassium, rubidium and cesium (alkali metal elements), or 
possibly mixtures thereof with additional elements from groups (D2) : calcium and barium (alkaline earth 

35 metal elements), and (D-3):thallium, tin and antimony,is deposited on the porous carrier in addition to the 
silver grains. 

As the cationic component, i) at least one alkali metal element selected from the group consisting of 
lithium, sodium, potassium, rubidium and cesium, or ii) a combination of at least one alkali metal element i) 
with barium is preferred. 

40 As the cationic component of group i), a combination of sodium and cesium, a combination of sodium 
and potassium, a combination of sodium and rubidium, a combination of potassium and cesium, and a 
combination of lithium and cesium are preferred. As the group ii), a combination of the two elements 
mentioned above with barium, especially a combination of sodium, cesium and barium,, is preferred. 

In the process of the present invention. It is more preferred to deposit at least one element as (D) a 

45 cationic component selected from the group consisting of (D-1) at least one alkali metal element selected 
from the group consisting of lithium, sodium, potassium, rubidium and cesium, (D-2) at least one alkaline 
earth metal element selected from calcium and barium, and (D-3) at least one element of thallium, tin and 
antimony, and at least one element as an anionic component (E) selected from the group consisting of 
fluorine, chlorine and bromine on the porous carrier in addition to the silver grains. 

50 To deposit the cationic component on the porous carrier, it is generally desirable to add it in the form of 
a water-soluble compound, generally a nitrate, halide, hydroxide, carbonate, bicarbonate or carboxylate. An 
oxide may also be used. Specific examples of the water-soluble compound of the cationic component are 
lithium carbonate, sodium carbonate, sodium bicarbonate, sodium acetate, potassium nitrate, cesium nitrate, 
cesium chloride, rubidium nitrate, barium nitrate, barium hydroxide, barium oxide, calcium hydroxide, 

55 calcium oxide, thallium chloride, tin bromide and antimony chloride. 

Suitable amounts of the above compounds may be added to the impregnating solution at the same time 
or individually to deposit them on the porous carrier. These additional compounds may be deposited on the 
carrier before or after the deposition of silver. Deposition of these cationic components by heating may also 
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be carried out by known methods. But the use of superheated steam is mandatory in the case of the 
claimants of groups D1 and also preferred for the other elements because the cationic component is 
distributed uniformly In the catalyst particles and this favors the performance of the catalyst. 

The anionic component may be added In the same way as in the case of the cationic component 
6 Desirably, the anionic component Is generally added In the form of a water-soluble compound. It is 
preferred to add it in the form of a salt with the above cationic component, that is, an alkali metal element 
such as lithium, sodium, potassium, rubidium and cesium, an alkaline earth metal element such as barium 
or calcium, or thallium, tin or antimony. An ammonium salt may also be used. Some examples are lithium 
bromide, sodium chloride, potassium fluoride, cesium chloride, thallium chloride, and ammonium chloride. 
10 A suitable amount of the above component is added to the impregnating solution, and the anionic 
compound may be deposited on the porous carrier at the same time as the deposition of silver. 

It is also possible to deposit the anionic component before or after the deposition of silver. The 
deposition of the anionic component by heating may also be performed by known methods. But the use of 
superheated steam is preferred because the anionic component is distributed uniformly in the catalyst 
15 particles and this favors the performance of the resulting catalyst. 

In the catalyst of this invention, the cationic component and the anionic component which modify silver 
as a reactive species and improves the selectivity of the reaction are uniformly distributed within each 
catalyst particle, and these components uniformly modify silver. Hence, the selectivity of ethylene oxide 
formation is increased. 

20 The process of this invention thus gives a catalyst for the production of ethylene oxide from ethylene. 
This catalyst comprises a porous carrier composed of a molded article of a refractory material and at least 
silver grains deposited on the carrier, wherein 

(A) silver is distributed on the outside surface of the carrier and on the inner surfaces of the pores of 
the carrier, 

25 (B) silver grains distributed on the Inner surfaces of the pores of the carrier have an average diameter of 
0.05 to 0.2mm, and 

(C) the loading (S) of silver on the outside surface layer of the catalyst and the loading (1) of silver on 
the Innermost layer of the catalyst satisfy the following expression 
1^0.7S. 

30 The average diameter of the silver grains distributed on the inner surfaces of the pores of the carrier in 
(B) above can be measured by observing the section of the catalyst particle by a scanning electron 
microscope. For example, with regard to silver grains clearly observed by a scanning electron micrograph 
(for example I0,000X), the diameters (the shorter diameters when the grains are not spherical) of about 30 
larger silver grains and those of about 30 smaller grains are read, and the total of the diameters read is 

35 divided (averaged) by the total number (60) of the grains. This gives the average diameter. 

The loading (S) of silver on the outer surface layer of the catalyst of this invention and the loading (I) of 
silver on the innermost layer of the catalyst defined in (C) above can be determined by gradually shaving 
off the catalyst from the outer surface to the Inner layer of the catalyst of this invention, and measuring the 
content (weight) of silver per unit weight (for example. 1 gram) of the catalyst so shaven, 

40 In the present invention, the outside surface layer of the catalyst denotes a portion having a weight of 
about 5% by weight (in the range of about 4-6%) shaven as uniformly as possible from the outside surface 
of one catalyst (carrier) particle toward its inner layer when the weight of one catalyst particle is taken as 
100%. The innermost layer of the catalyst denotes an inner layer (innermost layer) of the catalyst particle 
which is left after about 60% on an average (in the range of about 50 to 70%, preferably 55 to 65%) has 

45 been shaven off from the outside surface of the catalyst particle (carrier) toward its inner layer as uniformly 
as possible. 

A simple method of measuring S and 1 Is to take 30 to 50 catalyst particles, measuring their entire 

weight, rotating the particles In a rotating vessel to shave off the catalyst particles from the surface toward 
the Inside layer, and determine S and 1 as average values of the catalyst particles in accordance with the 
50 above method. 

In the catalyst of this invention, the following relation is satisfied between the loading (S) of silver of the 
outside surface layer of the catalyst and the loading (I) of sliver of the innermost layer of the catalyst. 
l>0.7S. 

It Is evident therefore that in the catalyst of this Invention, the silver grains are very uniformly deposited 
55 ranging from the surface layer of the catalyst particle toward its innermost layer. 

It is evident from the average diameter specified in (B) above that in the catalyst of this invention, the 
silver grains distributed on the inner surfaces of the pores of the catalyst carrier are very fine and uniform 
and do not substantially contain large agglomerated masses. 
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The silver grains deposited on the carrier In this Invention have an average particle diameter of not 
more than 0.2 mm, and therefore, the catalyst has high activity. Furthermore, since the distribution of the 
silver grains in the catalyst particles is very uniform as shown by l^0.7S, preferably 1^0.758, the speed of 
agglomeration of the silver grains which occurs as the reaction proceeds is slow, and the active lifetime of 
6 the catalyst is prolonged. In addition, in preferred embodiments, the cation component and the anionic 
component which modify silver as a reactive species and improve the selectivity of the reaction are used. 

Preferably, the cationic component is at least one of lithium, sodium and barium, and/or at least one of 
potassium, rubidium and cesium. 

When at least one cationic component of lithium, sodium and barium is deposited on the outside 
70 surface of the carrier and the inner surfaces of the pores of the carrier, the loading (Sc) of lithium and/or 
sodium on the inner surfaces of the pores in the outside surface layer of the catalyst and the loading (Ic) of 
lithium and/or sodium on the inner surfaces of the pores in the innermost layer of the catalyst have the 
following relation. 

lc^0.4Sc. 

76 When at least one alkali metal element of potassium, rubidium and cesium Is deposited on the outside 
surface of the carrier and on the inner surfaces of the pores of the carrier, the loading (Sc) of the alkali 
metal element on the inner surfaces of the pores in the outside surface layer of the catalyst and the loading 
(Ic) of the alkali metal element on the inner surfaces of the pores in the Innermost layer of the catalyst have 
the following relation. 

20 Ic^O.eSc. 

The preferred amount of the cationic component based on the entire catalyst is 

1) 0.1 to 1% by weight for sodium and lithium, 

2) not more than 0.1% by weight for potassium, rubidium, cesium and thallium, and 

3) not more than 1% by weight for barium. 

25 The preferred amount of the anionic component deposited is not more than 0.05% by weight. 

The amount of sodium as the cationic component is preferably more than 50 ppm (mg/kg of catalyst) 
based on the catalyst, particularly from 500 ppm to 1 % by weight. When the amount of sodium is too large, 
both the activity and selectivity of the resulting catalyst are reduced, and if it is too small, the dispersion of 
Ag grains on the carrier is worse than in the catalyst of this invention when the catalyst is observed under a 

30 scanning electron microscope, and consequently, the catalytic activity is low and the effect of adding 
halogen Is not sufficiently manifested. 

The preferred amount of cesium Is smaller than sodium, and is preferably 10 ppm to 0.5% by weight, 
more preferably 15 ppm to 0.1% by weight. If it Is too large, the activity of the catalyst is markedly reduced, 
and if it is too small, the effect of halogen cannot be manifested fully. 

35 The preferred amount of barium to be added is more than 10 ppm but not more than 1% by weight, 
especially preferably 20 ppm to 3000 ppm. If It Is too small, there is no effect of adding barium. If it is too 
large, a precipitate may form in the Impregnating solution or the impregnating step becomes complex. 
Moreover, the activity of the catalyst is lowered. 

The amount of the halogen selected from fluorine, chlorine and bromine is suitably 5 ppm to 0.1% by 

40 weight, preferably 7 ppm to 0.07% by weight, based on the catalyst. If it is added in too large an amount, it 
shows a poisoning action and drastically reduces the performance of the catalyst. In the present invention, 
by adding a minute amount of halogen, which shows a poisoning action when added in large amounts, with 
the cationic component such as sodium, cesium and barium, a silver catalyst having an increased 
performance can be obtained. 

45 When both the cationic component and the anionic component are used, a small amount of lithium, 
rubidium, potassium or thallium may be added in addition to sodium, cesium and barium. 

The above catalyst ingredients are used as a supported catalyst mainly for economic reasons and in 
view of the catalyst life. A porous refractory material is used as the carrier, and preferably has a BET 
surface area of 0.1 to 5 m^/g and a pore volume of at least 0.2 ml/g. A porous refractory material composed 

50 mainly of alpha-alumina Is preferred. 

When sodium, cesium and barium as the cationic component and the halogen as the anionic 
component are to be deposited, the depositions of the cationic component and the anionic component may 
be effected simultaneously or separately, and in various modes in any desired stages of the catalyst 
preparation. For example, the depositions of the cationic and anionic components may be performed 

55 before, during or after the impregnation of the silver compound. In order to secure the uniformity of the 
impregnating solution and to simplify the catalyst preparing process, it is most preferred to impregnate the 
sodium component before the deposition of the silver compound and impregnate barium, cesium and 
halogen at the same time as the impregnation of the silver compound. 
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According to this invention, when the impregnated Carrier is at a low temperature, superheated steam 
rapidly raises Its temperature and uniformly heats the entire carrier layer, as shown in Figure 1. Usually in 
the process of this invention for producing the catalyst, the evaporation of water and the deposition of sliver 
by the decomposition of the silver complex take place during the heating step. The process of this Invention 

5 Is superior to the prior art in that the superheated steam induces the evaporation of water and the 
deposition of silver uniformly either simultaneously or separately. As a result, the deposited silver grains are 
fine as shown In Figure 2-A, and as shown In Figure 3, silver and the other additive components are 
distributed uniformly. The catalysts produced by the present invention therefore have high activity, good 
selectivity and a long lifetime. 

10 Superheated steam having a pressure in the vicinity of normal atmospheric pressure is practically 
feasible and can be used as the superheated steam used in the present invention. It has a temperature of 
120 to 500^ C, especially 120 to 300* C, especially preferably 150 to 260 ' C. The heating time Is preferably 
about I minute to about 3 hours, but is preferably shorter in view of the practical feasibility and performance 
of the catalyst. Usually, a period of 3 minutes to 15 minutes is most preferred. The shortest time required is 

75 determined depending upon the amount of the impregnated carrier to be heated, the temperature of the 
steam and the flow rate of the steam. Steam flow speeds of 0.3 m/sec to 5 m/sec are preferred in view of 
the performance and practical feasibility of the catalyst. 

Heating with superheated steam in this invention may be carried out as follows: 

The impregnated carriers are laid in a single layer or stacked in a multiplicity of layers in the form of a 

20 fixed bed or a moving bed, and superheated steam may be passed upwardly, downwardly or sideways 
through the layer or layers. Since the entire layers can be heated at a uniform temperature by the 
superheated steam, there is no non-uniformity of silver distribution among the layers. Thus, from a practical 
viewpoint, heating of multiple layers Is economical. Nitrogen, air. etc. may be Included In some amount into 
the superheated steam. Steam at the outlet contains amines and other decomposition products formed by 

25 the decomposition of the silver salt, and to prevent accumulation of these compounds, some amount of 
steam should be purged. Basically, however, recycling of superheated steam is possible and economical. 
For example. 90% of the superheated steam initially fed may be recycled although this amount may vary 
depending upon the amount of the steam and the amount of the impregnated carrier. 

It Is preferred in the process of this invention that the porous carrier Impregnated with the aqueous 

30 solution containing the silver salt and the amine as a complex forming agent and optionally the cationic 
component and/or the anionic component is heated with superheated steam either as such or after 
removing the excess of the impregnating solution, while the ratio of removal of the aqueous medium from 
the aqueous solution reaches 0 to 70%, preferably 0 to 50% by weight; or the impregnated carrier is dried 
for example In a current of air at a temperature of not more than 100° C and then heated with superheated 

35 steam by the method described above, thereby to deposit silver on the carrier. 

The reaction of converting ethylene into ethylene oxide by using the catalyst of this invention can be 
performed by a conventional operating procedure. For example, the pressure is 1 to 35 kg/cm^, and the 
temperature is 180 to 300° C, preferably 200 to 260 ' C. The proportion of ethylene is 1 to 40% by volume, 
and the proportion of oxygen is 1 to 20% by volume. Generally, it Is preferred to use a fixed proportion, for 

40 example 20 to 70% by volume, of a diluent such as methane. Oxygen Is supplied In the form of air or as 
industrial oxygen. The addition of a reaction modifier, such as ethylene dichloride can prevent the formation 
of hot spots in the catalyst and serves to improve the performance, especially selectivity, of the catalyst 
greatly. The preferred amount of the reaction modifier is several ppm (by weight) to several tens of ppm. 
The following Examples and Comparative Examples illustrate the present invention. 

45 

EXAMPLE 1 

NaaCOs (26.9 g) was dissolved in 1 liter of water, and 1 kg of an alpha-alumina carrier (ring-like with a 
50 size of 80x30x8 mm; surface area 0.5 m^/g; pore volume 0.4 ml/g) was immersed in the solution. The 
excess of the solution was removed by permitting it to drip, and then the impregnated carrier was dried on 
superheated steam at 140* 0 for 15 minutes. 

Separately, 248 g of AgNOa was dissolved in 1 liter of water and 148 g of potassium oxalate 
(K2C204^.H20) was dissolved in 1 liter of water. The solutions were mixed, and heated to 60° C in a water 
55 bath to obtain a white precipitate of silver oxalate. After filtration, the precipitate was washed with distilled 
water to remove potassium from the precipitate. Separately, 21.7 g of 1,3-propanediamine and 79.1 g of 
ethylenediamine were dissolved in water to prepare 200 ml of an aqueous solution. With ice cooling, the 
aqueous solution was added little by little to the silver oxalate precipitate to prepare a silver oxalate-amine 
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complex solution. The solution was then mixed with 40 ml of an aqueous solution containing 1.49 g of 
barium nitrate and 0.234 g of cesium chloride. The mixture was transferred to a rotary evaporator. The 
above alpha-alumina carrier impregnated with Na2C03 and dried was added to the above mixture, and an 
Impregnating operation was performed at 50* C with rotation. The pressure was reduced (100 mmHg) at the 

5 early stage of the Impregnating operation. The pressure was returned to normal atmospheric pressure, and 
5 minutes later, the Impregnated alpha-alumina carrier was taken out. The alpha-alumina carrier heated with 
superheated steam at 200 ' C for 1 0 minutes by passing the steam at a rate of 2 m/sec to prepare a catalyst 
in accordance with this invention. 

The amounts of Ag, Ha, Ba, Cs and CI deposited were 13.5%, 0.4%, 670 ppm, 158 ppm and 42 ppm, 

10 respectively. 

Figure 1 (solid line) shows the heating curve obtained at this time. It is seen from the heating curve that 
the impregnated carrier was rapidly heated with superheated steam to the boiling temperature of water. 
Presumably, water was evaporated from the entire surface of the carrier, and a uniform distribution of the 
catalyst ingredients could be obtained. Thereafter, until the carrier is heated to 200 °C, the evaporation of 

15 water and the decomposition of the silver complex took place continuously. 

Figure 2-A is a scanning electron micrograph (magnification i0,000X) of the catalyst prepared. The silver 
grains which were fine and uniform were deposited on the inner surfaces of the pores of the carrier. The 
distribution of silver shown in Figure 2-A was maintained over the entire catalyst particles, and the average 
diameter of the silver grains was 0.15 micron. Almost all of the silver grains had a diameter within the range 

20 of 0.05 to 0.3 micron. The catalyst had a BET surface area of 0.95 m^ 'g. 

Figure 3 (solid line) shows a distribution of the loading of silver in the catalyst particle. The loadings of 
Ag, Cs and Na in a portion measuring up to 6% by weight from the outside surface of the catalyst particle 
toward Its interior were 15.0%, 177 ppm, and 4350 ppm, respectively. The loadings, I, Ics and iNa . in the 
interior of the catalyst particle in a portion measuring at least 60% by weight from the outside surface 

25 toward the inside were 13.0%, 134 ppm, and 3500 ppm. Accordingly, I, Ics and iNa were calculated to be 
about 0.875. 0.76Scs and 0.835SNa . This shows that the individual ingredients were uniformly distributed 
from the outside layer to the innermost layer of each catalyst particle. 

The catalyst was crushed to a size of 4 to 9 mesh, and 5 ml of it was filled in a steel reaction tube 
having an inside diameter of 20 mm. A reaction gas composed of 30% by volume of ethylene, 8% by 

30 volume of oxygen, 2 ppm of vinyl chloride and the remainder being nitrogen was passed through the 
reaction tube under a pressure of 18 kg/cm^-G at an SV of 4000 h'^ . Immediately after the reaction gas 
was fed through the catalyst layer, the catalyst began to act. The reaction was carried out for 1 week at a 
bath temperature of 212* C. The conversion of oxygen was 40%, and the selectivity of ethylene oxide was 
81.7%. After the reaction, the catalyst had a BET surface area of 0.84 m^^g. To maintain an oxygen 

35 conversion of 40% during a continuous operation for 1.5 months, the bath temperature was raised by 2'C, 
but there was no change in selectivity. 



EXAMPLES 2-6 

40 

Example 1 was repeated except that barium nitrate was not added, and the temperature of the 
superheated steam and the time of its passing, etc. during the final heating were changed as shown In 
Table 1, Table 1 summarizes the 1/5 ratios of the resulting catalysts, and the results of the catalyst carried 
out as in Example 1. The loadings of Ag, Na, Cs and CI were 13.5% by weight, 0.4% by weight, 150 ppm, 
45 and 42 ppm, respectively. In the table, T40 and S40 show the bath temperature C) at which the oxygen 
conversion was 40%, and the selectivity (%), respectively. 



50 



66 



9 



EP 0 172 565 B1 



Table 1 



Ex- 
ample 


Temperature x time 
X flow rate of 
supernaated steam 


i/s 


^40 


^0 


2 


200^C X 10 
min. X 2 m/s 


0.62 


213 


81.4 


3 


200 X 180 X 2 


0.82 


213.5 


81.0 


4 


150 X 10 X 2 


0.70 


210 


80.8 


5 


230 X 8 X 2 


0.85 


213 


81.7 


6 

- 


300 X 8 X 2 


0.80 


214 


80.6 



After the catalyst of Example 2 was used continuously for three months, T40 was 218° C. and the S40 
was 80.8%. 



EXAMPLES 7-8 

Ag-CsCI-containing catalysts were prepared In the same way as in Example 1 except that the same 
alpha-alumina carrier as used In Example 1 but not having sodium carbonate supported thereon was used; 
that barium nitrrate was not added, and that the time during which superheated steam was passed was 
changed as shown in Table 2. The amounts of silver and CsCI deposited were 13.5% by weight and 200 
ppm, respectively. 

Using the resulting catalysts, the same oxidation reaction of ethylene as in Example 1 was carried out. 
The results are also shown In Table 2. 



Table 2 



Ex- 
ample 


Temperature x time 
X flow rate of 
superheated steam 


I/S 


^40 


S40 


7 


200°C X 5 
min. X 2 m/.s 


0.75 


215 


80.0 


8 


200°C X 120 
min. X 2 m/s 


0.74 


215 


79.3 



COMPARATIVE EXAMPLE 1 

This comparative example serves to clarify the difference between the catalyst of the present Invention 
and a catalyst prepared by a short-time air heating method in accordance with another invention of the 
present inventors. 

Example 2 was repeated except that the final heating was carried out by passing heated air at 200 C 
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for 10 minutes at a flow rate of 21 m/sec instead of using superheated steam at 200 ' C. A catalyst having 

the same composition as in Example 2 was obtained. Its heating curve is shown by a broken line (control 

catalyst) in Figure 1. As shown by the broken line in Figure 1, the temperature rising rate was slower In the 

initial stage of heating than in the case of using superheated steam (the solid line in Figure 1), and a 
6 constant rate period of drying at a temperature below the boiling temperature proceeded. It is presumed 

that in this state the drying occurred mainly on the outside surfaces of the carrier particles, and therefore. 

the catalyst ingredients moved to the outside surfaces of the particles. Thereafter the decomposition of the 

silver salt complex proceeded. 

Figures 2-B and 2-C show scanning electron micrographs of the resulting catalyst. Figure 2-B shows 
10 the state of the inner surfaces of the pores near the outside surface, and Figure 2-C shows the state of the 

inner surfaces of the pores in the interior portion. It is clearly seen from these photographs that there was a 

non-uniform distribution of Ag grains within the catalyst particle. 

Figure 3 (broken line) shows the distribution of Ag within the catalyst particle. S of Ag in a portion 

measuring up to 6% by weight from the outside surface layer of the catalyst particle toward Its interior was 
75 18.8%, and i in a portion measuring more than 60% by weight from the outside surface toward the interior 

was 12%. Hence, l/S was about 0.64. The foregoing results show that in contrast to the superheated steam 

heating, Ag deposited on the carrier was distributed nonuniformly in air heating. 

The same reaction as in Example 1 was carried out using the resulting catalyst (Comparative Example 

1). in the early stage of the reaction, T40 was 217' C, and S40 was 81.3%. After a continuous operation for 
20 three months, T40 was 227* C, and S+o was 79.8%. It is seen that In comparison wtih the catalyst of 

Example 2, the range of temperature rise was large, and the decrease of the selectivity was remarkable. 



COMPARATIVE EXAMPLE 2 

26 

A catalyst having the same composition as the catalyst of Example 6 was prepared by repeating 
Example 6 except that heating for depositing NagCOs on the carrier was carried out by using air at 140* C 
instead of using superheated steam at 140'C, and the final heating was carried out for 2 hours by using 
heated air at 300 'C instead of using superheated steam at 300* C. Figure 2-D shows a scanning elecron 

30 micrograph [magnification 10.000X) of the resulting catalyst. It is seen that Ag grains were markedly 
agglomerated. The average diameter of the Ag particle was 0.4 micron, and their particle size ranged from 
0.15 micron to 0.7 micron. The catalyst had a BET surface area of as low as 0.53 m^/g. The l/S within the 
catalyst particle was about 0.60, and the l^a/Sua was about 0.22. Thus, it was confirmed that the 
distributions of Ag and Na within the catalyst particle were non-uniform. 

35 When this catalyst was used in the same reaction as in Example^ 1 , its performance was very low as 
shown by an oxygen conversion of 8% and a selectivity of 72% at 250 * C. 



EXAMPLE 9 

40 

A catalyst was prepared in the same way as in Example 1 except that the loading of barium was 
changed from 670 ppm to 1700 ppm. 

The performance of the catalyst was tested by using it in the same reaction as in Example 1 except 
that the reaction was carried out for 1 week at a bath temperature of 213* C. The oxygen conversion was 
45 40%, and the selectivity of ethylene oxide was 81,6%. After the reaction, the catalyst had a BET surface 
area of 0.80 m^/g. During continuous operation for 1.5 months, the bath temperature was raised by 2* C to 
maintain an oxygen conversion of 40%, but the selectivity did not change. 

50 EXAMPLES 10-11 

Example 9 was repeated except that the amount of Ba added and the source of Ba were changed as 
Indicated in Table 3. The results obtained are shown in Table 3. 

55 
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Table 3 



5 


Example 


Catalyst 
composition 


Ba 

source 


(^C) 


^40 
(%) 


10 


10 


Ag: 13.5% 
Cs: 158 ppm 


Ba{OH)2 


211 


81.7 






CI: 42 ppm 








15 


11 


Na: 0.4% 
Ba: 50 ppm 


Ba02 


211 


81.8 



In this catalyst system, the addition of even a small amount of Ba evidently led to an Increase in activity 
and selectivity. 



Claims 

1. A catalyst for the production of ethylene oxide from ethylene, said catalyst comprising a porous carrier 
composed of a molded article of a refractory material and having thereon [i) silver grains and [ii) as a 
catlonic component, at least one alkali metal element selected from the group consisting of lithium, 
sodium, potassium, rubidium and cesium, wherein 

(A) silver is distributed on the outside surface of the carrier and on the inner surfaces of the pores 
of the carrier. 

(B) silver grains distributed on the inner surfaces of the pores of the carrier have an average 
diameter of 0.05 to 0.2 mm, 

(C) the loading (S) of silver on the inner surfaces of the pores in the outside surface layer of the 
carrier (hereinafter defined as) the outside surface layer of the catalyst) and the loading (I) of silver on 
the inner surfaces of the pores in the innermost layer of the carrier (hereinafter defined as the 
innermost layer of the catalyst) satisfy the following innermost layer of the catalyst) satisfy the following 
formula (1): 

I > 0.7S (1) 



45 (D) the loading (Sc) of the alkali metal element as the cationic component on the outside surface 

layer of the catalyst and loading (Ic) of the alkali metal element as the cationic component on the 
innermost layer of the catalyst satisfy the following formula (2-1) or (2-2): 



50 



55 



Ic > 0 . 4Sc {2-1} 



in the case where the alkali metal Is sodium or lithium, 



Ic > 0,6Sc (2-2) 
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in the case where the alkali metal is potassium, rubidium or cesium, 

(E) In which the said outside surface layer of the catalyst denotes a portion having a weight of 
about 5% by weight on the average, in the range of about 4 to 6%, shaven as uniformly as possible 
from the outside surface of one catalyst particle toward its Inner layer when the weight of one catalyst 

5 particle is taken as 100%, and said innermost layer of the catalyst denotes an inner layer of the catalyst 
particle which is left after about 60% on the average, in the range of about 50 to 70%, has been shaven 
off from the outside surface of the catalyst particle toward its inner layer as uniformly as possible, and 
the contents by (weight) of silver and the alkali metal element per unit weight of the catalyst of the 
outside layer and the innermost layer of the catalyst are measured respectively to calculate (derive) the 

10 loading (S) and (I) of silver, and the loading (Sc) and (Ic) of the alkali metal element. 

2. The catalyst of claim 1 in which, as a catlonic component, in addition to at least one of said alkali metal 
elements, at least one element selected from the group consisting of calcium, barium, thallium, tin and 
antimony is present on the porous carrier. 

76 

3. The catalyst of claim 1 in which as a cationic component, in addition to at least one of said alkali metal 
elements, barium is present on the porous carrier. 

4. The catalyst of claim 1 . 2 or 3 in which in addition to said cationic component, at least one element as 
20 an anionic component, selected from the group consisting of fluorine, chlorine or bromine is present on 

the porous carrier. 

5. The catalyst of claim 1 , 2, 3 or 4 in which 

(1) in the case where sodium, as the alkali metal element, is present on the porous carrier, the total 
25 amount of sodium is 50 ppm to 1% by weight, and in the case where lithium, as the alkali metal 
element, is present on the porous carrier, the total amount of lithium is 0.1 to 1% by weight, based on 
the entire catalyst, 

(ii) in the case where potassium and/or rubidium, as the alkali metal element, is present on the 
porous carrier, the total amount of potassium and/or rubidium is not more than 0.1% by weight based 
30 on the entire catalyst, and 

(ill) in the case where cesium, as the alkali metal element, is present on the porous carrier, the 
amount of cesium is from 10 ppm to 0.5% by weight based on the entire catalyst. 

6. The catalyst of claim 1, 2, 3, 4 or 5 in which the silver grains are present on the porous carrier in an 
35 amount of 5 to 20% by weight based on the entire catalyst. 

7. A process for producing a catalyst as defined in claim 1 for the production of ethylene oxide from 
ethylene, which comprises 

(1) impregnating a porous carrier composed of a molded article of a refractory material with an 
40 aqueous solution containing an aqueous medium, a silver salt and an amine as a complex-forming 

agent. 

(2) contacting the impregnated carrier with superheated steam, while the ratio of removal of the 
aqueous medium in the aqueous solution Is 0 to 70% by weight, in order to decompose the silver salt 
to deposit silver on the carrier, and 

45 (3) impregnating the carrier at least with an aqueous solution of a compound of at least one alkali 

metal element selected from the group consisting of lithium, sodium, potassium, rubidium and cesium 
as a cationic component simultaneously with the Impregnation of the silver salt in step (1) above or with 
the deposition of silver in step (2) in or on the porous carrier, or before or after either step (1) or (2), 
and depositing the cationic component by contacting the impregnated carrier with superheated steam. 

50 

8. The process of claim 7 which comprises depositing on the porous carrier, as a cationic component, in 
addition to at least one compound of said alkali metal element, a compound of at least one element 
selected from the group consisting of calcium, barium, thallium, tin and antimony, by impregnating the 
porous carrier with said compound in an aqueous solution simultaneously with the impregnation or 

56 deposition of the silver salt, or before or after either of said impregnation and deposition. 

9. The process of claim 7 or 8 in which step (2) is conducted with superheated steam at a temperature of 
120 to 500 'C. 
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10. Use of the catalyst according to anyone of claims 1 to 6 in a process for the production of ethylene 
oxide from ethylene. 



5 Revendications 

1. Catalyseur pour la preparation d'oxyde d'ethylene a partir d'ethylene, ce catalyseur comprenant un 
support poreux constltue d'un article moule en une matiere refractaire et, sur ce support, (i) des grains 
d'argent et (ii) comme composant cationique, au moins un element de metal alcalin choisi parmi le 
10 groupe comprenant : le lithium, le sodium, le potassium, le rubidium et le cesium, dans lequel 

(A) de I'argent est reparti sur la surface externe du support et sur ies surfaces internes des pores 
du support ; 

(B) des grains d'argent repartis sur les surfaces internes des pores du support, ont un diametre 
moyen de 0,05 a 0,2 ixm ; et 

15 (C) la charge (S) d'argent sur les surfaces internes des pores presents dans la couche superflcielle 

externe du support (designee ci-apres par {'expression "couche superflcielle externe du catalyseur") et 
la charge (I) de Targent sur les surfaces internes des pores se trouvant dans la couche la plus interne 
du support (designee ci-apres par Texpression "couche la plus Interne du catalyseur"), repondent a la 
formule ci-apres : (1) 



20 



30 



35 



40 



45 



50 



55 



I > 0,7 S (1) 



25 (D) la charge (Sc) de I'element de metal alcalin, comme composant cationique, sur la couche 

superflcielle externe du catalyseur et la charge (Ic) de Telement de metal alcalin, comme composant 
cationique, sur la couche la plus interne du catalyseur, repondent a la formule ci-apres : (2-1) ou (2-2) : 



Ic > 0,4 Sc (2-1) 

dans le cas ou le metal alcalin est le sodium ou le lithium, 

Ic > 0,6 Sc (2-2) 



dans le cas ou le metal alcalin est le potassium, le rubidium ou le cesium ; 

(E) dans lequel, la couche superflcielle externe du catalyseur presente une portion d'un poids 
d'environ 5 % en poids en moyenne (dans le domaine allant d'environ 4 a 6 % ), quf a ete enlevee de 
maniere aussi uniforme que possible sous forme d'une mince tranche, de la surface externe d'une 
particule de catalyseur en direction de sa couche interne (le poids d'une particule de catalyseur 
correspondant a 100 %) et, dans lequel, la couche la plus interne du catalyseur presente une couche 
interne de particules de catalyseur qui subslste apres que Ton ait enleve une mince tranche d'environ 
60 % en moyenne (dans le domaine d'environ 50 a 70 %) de la surface externe de la particule de 
catalyseur en direction de sa couche interne, de maniere aussi uniforme que possible, les teneurs (en 
poids) d'argent et de I'element de metal alcalin par unite de poids du catalyseur de la couche externe 
et de la couche la plus interne du catalyseur, etant mesurees respectivement afin de calculer (deriver) 
les charges (S) et (I) de I'argent et les charges (Sc) et (Ic) de I'element de metal alcalin. 

2. Catalyseur selon la revendication 1, dans lequel, comme composant cationique, en plus d'au moins un 
desdits elements de metaux alcallns, au moins un element choisi parmi le groupe comprenant : le 
calcium, le baryum, le thallium, retain et I'antlmoine, est present sur le support poreux. 

3. Catalyseur selon la revendication 1, dans lequel, comme composant cationique, en plus d'au moins un 
desdits elements de metaux afcalins, du baryum est present sur le support poreux. 

4. Catalyseur selon la revendication 1, 2 ou 3, dans lequel, en plus du composant cationique, au moins un 
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element choisi parmi le groups comprenant : le fluor. le chlore. ie brome, est present, comme 
composant anionique, sur le support poreux. 

5. Catalyseur selon la revendication 1 , 2, 3 ou 4, dans lequel : 
5 (i) dans le cas oO le sodium, comme element de metal alcalin, est present sur le support poreux, la 

quantite totale de sodium va de 50 ppm a I % en poids, et dans le cas oCi du lithium, comme element 
de metal alcalin, est present sur le support poreux, la quantite totale de lithium va de 0,1 a 1 % en 
poids, base sur I'ensemble du catalyseur, 

(il) dans le cas oCi le potassium et/ou le rubidium, comme element de metal alcalin, est present sur 
10 le support poreux, la quantite totale de potassium et/ou de rubidium n'est pas superieure a 0.1 % en 
poids, base sur I'ensemble du catalyseur, et 

(iii) dans le cas ou le cesium, comme element de metal alcalin, est present sur le support poreux, 
la quantite de cesium va de 10 ppm a 0,5 % en poids, base sur I'ensemble du catalyseur. 

15 6. Catalyseur selon la revendication 1 , 2, 3, 4 ou 5, dans lequel les grains d'argent sont presents sur le 
support poreux en une quantite allant de 5 a 20 % en poids, base sur I'ensemble du catalyseur. 

7. Precede pour la preparation d'un catalyseur, tel que definl dans la revendication 1, pour Tobtention 
d'oxyde d'ethylene a partir d'ethylene, ce precede conslstant a : 

20 (1) impregner un support poreux constitue d'un article moule en une matiere refractaire, avec une 

solution aqueuse contenant un milieu aqueux, un sel d'argent et une amine comme agent formateur de 

complexe ; 

(2) mettre le support impregne en contact avec de la vapeur surchauffee, tandis que le rapport 
d'eliminatlon du milieu aqueux dans la solution aqueuse est de 0 a 70 % en poids afin de decomposer 

25 le sel d'argent, pour qu'ainsi I'argent se depose sur le support ; et 

(3) impregner le support au moins avec une solution aqueuse d'un compose d'au moins un 
element de metal alcalin choisi parmi le groupe comprenant le lithium, le sodium, !e potassium, le 
rubidium et le cesium, comme composant cationique, simultanement a Timpregnation a Taide du sel 
d'argent a I'etape (1) ci-dessus ou simultanement au depot d'argent a I'etape (2) dans ou sur le 

30 support poreux, ou bien avant ou encore apres I'etape (1) ou I'etape (2), le composant cationique se 
deposant lorsqu'on met le support impregne en contact avec la vapeur surchauffee. 

8. Precede selon la revendication 7, conslstant a faire en sorte que se depose, sur le support poreux, 
comme composant cationique, en plus d'au moins un compose preclte d'element de metal alcalin, un 

35 compose d'au moins un element choisi parmi le groupe comprenant : le calcium, le baryum, le 
thallium, retain et Tantimoine, en Impregnant le support poreux avec ledit compose dans une solution 
aqueuse, simultanement a I'impregnation avec le sel d'argent ou le depot de ce dernier, ou bien avant 
ou encore apres, soit I'impregnation, soit le depot 

40 9. Procede selon la revendication 7 ou la revendication 8. dans lequel on effectue I'etape (2) avec de la 
vapeur surchauffee a une temperature de 120 a 500" C. 

10. Utilisation du catalyseur selon I'une quelconque des revendications I a 6, dans un procede destine a la 
preparation d'oxyde d'ethylene a partir d'ethylene. 

45 

Anspruche 

1. Katalysator fur die Herstellung von Ethylenoxid aus Ethylen, wobei der Katalysator einen porosen 
50 TrSger, der aus einem Formkorper aus einem feuerfesten Material besteht, und darauf (I) Silberkorner 
und (ii) als kationische Komponente mindestens ein Aikalimetallelement, ausgewahlt aus der Gruppe 
Lithium, Natrium, Kaiium, Rubidium und CSsium umfafit, dadurch gekennzeichnet, da/3 

(A) das Silber auf der Au/3enoberflache des Tragers und auf den Innenoberflachen der Poren des 
TrSgers verteilt ist. 

55 (B) die Silberkorner, die auf den Innenoberflachen der Poren des Tragers verteilt sind, einen 

durchschnittlichen Durchmesser von 0,05 bis 0,2 um aufweisen, 

(C) die Beladungen (S) an Silber auf den inneren Oberflachen der Poren in der aui3eren Oberfla- 
chenschicht des TrSgers (im folgenden als Aufienoberflachenschlcht des Katalysators definiert) und 
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die Beladungen (I) des Silbers auf den Innenoberfiachen der Poren in der Innersten Schicht des 
Tragers (im folgenden als innerste Schicht des Katalysators definiert) der folgenden Formel (1 ): 

I > 0;7S (1) 



(D) die Beladung (So) am Alkalimetallelement als kationische Komponente an der Aufienoberflachen- 
schicht des Katalysators und die Beladung (Ic) an Alkallmetailelement als kationische Komponente 
an der innersten Schicht des Katalysators der folgenden Formein (2-1) oder (2-2) genugen: 



Ic ^ 0,4Sc . (2-1) 



im Falle, wenn das Alkalimetall Natrium oder Lithium ist, 

Ic > 0,6Sc (2-2) 



im Falle, wenn das Alkalimetall Kalium, Rubidium oder Casium ist, 

(E) wobei die genannte Au/3enoberflachenschlcht des Katalysators ein Teil mit einem Gewicht von 
etwa 5 Gew.-% im Durchschnitt, im Bereich von 4 bis 6 % bedeutet, abrasiert. so einheitlich wie 
moglich, von der Au/3enoberflache von einem Katalysatorteilchen in Richtung auf die Innenschicht, 
wobei das Gewicht des einzelnen Katalysatorteilchens als 100 % angenommen wird, und wobei die 
innerste Schicht des Katalysators eine Innenschicht der Katalysatorteilchen bedeutet, die ubrigbleibt, 
wenn etwa 60 % im Durchschnitt, im Bereich von etwa 50 bis 70 % von der Au^enoberflache, der 
Katalysator in Richtung auf die Innenschicht so einheitlich wie moglich abrasiert wurden und die 
Gehalte (ausgedruckt durch das Gewicht) an Silber und Alkalimetallelement pro Einheitsgewicht des 
Katalysators der Au^enschicht und der innersten Schicht des Katalysators entsprechend sind bzw, 
gemessen werden, um die Beladung (S) und (I) an Silber und die Beladung (Sc) und (Ic) an 
Alkalimetallelement zu berechnen (abzuleiten). 

Katalysator nach Anspruch 1 , dadurch gekennzeichnet, da5 als kationische Komponente zusatzlich zu 
mindestens einem der Alkalimetallelemente mindestens ein Element aus der Gruppe Calcium, Barium. 
Thallium, Zinn und Antimon auf dem porosen Trager vorhanden ist. 

Katalysator nach Anspruch 1, dadurch gekennzeichnet, da/3 als kationische Komponente zusatzlich zu 
mindestens einem der Alkalimetallelemente Barium auf dem porosen Trager vorhanden ist. 

Katalysator nach einem der Anspruche 1 , 2 oder 3, dadurch gekennzeichnet, daB zusatzlich zu der 
kationischen Komponente mindestens ein Element als anionische Komponente, ausgewahit aus der 
Gruppe Fluor, Chlor oder Brom, auf dem porosen Trager vorhanden ist 

Der Katalysator nach einem der Anspruche 1 . 2, 3 oder 4, dadurch gekennzeichnet, da^ 

(i) im Falle, wenn Natrium als Alkalimetallelement auf dem porosen Trager vorhanden ist, die 
Gesamtmenge an Natrium 50 ppm bis 1 Gew.-% betragt, und da^ in dem Falle, wenn Lithium als 
Alkalimetallelement auf dem porosen Trager vorhanden Ist, die Gesamtmenge an Lithium 0,1 bis 1 
Gew.-% betragt, bezogen auf den gesamten Katalysator, 

(11) im Falle, wenn Kalium und/oder Rubidium als Alkalimetallelement auf dem porosen Trager 
vorhanden ist, bzw. sind, die Gesamtmenge an Kalium und/oder Rubidium nicht mehr als 0,1 Gew.- 

%, bezogen auf den gesamten Katalysator, betragt, und 

(iii) im Falle, wenn Casium als Alkalimetallelement auf dem porosen Trager vorhanden ist, die 
Menge an Casium von 10 ppm bis 0,5 Gew.-%, bezogen auf den gesamten Katalysator, betragt. 

Katalysator nach einem der Anspruche 1, 2, 3, 4 oder 5, dadurch gekennzeichnet, da^ die Silberkor- 
ner auf dem porosen Trager in einer Menge von 5 bis 20 Gew.-%, bezogen auf den gesamten 
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Katalysator, vorhanden sind. 

7. Verfahren zur Herstellung eines Katalysators nach Anspruch 1 , fur die Herstellung von Ethylenoxld aus 
Ethylen, dadurch gekennzeichnet, da/3 

(1) ein poroser Trager, der aus einem Formkorper aus einem feuerfesten Material besteht mit einer 
wafirlgen Losung, die ein wa^riges Medium, ein Silbersalz und ein Amin als Komplex-bildendes 
MIttel enthalt, impragniert wird, 

(2) der impragnierte Trager mit uberhltztem Dampf behandelt wird, wahrend das Verhaltnis der 
Entfernung des wSjSrIgen Mediums in der waflrigen L6sung 0 bis 70 Gew.-% betrSgt, um das 

Silbersalz zu Silber auf dam Trager zu zersetzen, und 

(3) der Trager mit mindestens einer wa^rlgen Losung aus einer Verbindung von mindestens einem 
Alkallmetallelement, ausgewahit aus der Gruppe Lithium, Natrium, Kalium, Rubidium und Casium als 
kationische Komponente, glelchzeitig mit der Impragnierung des Silbersalzes In der oblgen Stufe (1) 
Oder mit der Abscheidung des Sllbers be! der Stufe (2) in oder auf dem porosen Trager, Oder 
entweder vor oder nach der Stufe (1) oder (2) Impragniert wird, und die kationische Komponente 
durch Behandiung des impragnierten Tragers mit uberhltztem Dampf abgeschieden wird. 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, da^ auf dem porosen Trager als kationische 
Komponente zusatzlich zu mindestens einer Komponente des Alkalimetallelements eine Verbindung 
von mindestens einem Element ausgewahit aus der Gruppe Calcium, Barium, Thallium, ZInn und 
Antimon, durch Impragnierung. des porosen Tragers mit der Verbindung in wa^riger Losung glelchzei- 
tig mit der Impragnierung oder Abscheidung des Silbersalzes. oder entweder bevor oder nach der 
Impragnierung und Abscheidung. abgeschieden wird. 

9. Verfahren nach Anspruch 7 oder 8, dadurch gekennzeichnet, daiS die Stufe (2) mit uberhltztem Dampf 
bel einer Temperatur von 120 bis 500' C durchgefuhrt wird. 

10. Verwendung des Katalysators nach einem der Anspruche 1 bis 6 bel einem Verfahren zur Herstellung 
von Ethylenoxld aus Ethylen. 
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Fig. I 
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Fig.2-M 
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Fig. 2-B 
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Fig. 2-C 
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Fig.2-D 
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Fig. 3 
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